A main concem of the Ontario Ministry of Transportation (MTO) has been for the control of the quantity of storm water runoff in the design of drainage systems for highways. This trend is now being revised to include the control of the quality of the stormwater runoff. This policy is presently being applied in the design of sections of Highway 407.
The area surrounding the interchange is fully developed or developing. A utility corridor (Ontario Hydro) runs south and parallel to the proposed Highway 407 in the study area.
The objective ofthe study was to develop a strategy for both quantity and quality control for the interchange. Quantity control includes providing protection against flooding for the I: 100 year storm. Quality control implies providing treatment for a relatively frequent storm. The goal of quality control for stormwater runoff for the interchange is to meet the guidelines provided by the publication Interim Stormv,,'ater Quality Control Guidelines for New Development, issued jointly by the Ontario Ministry of the Environment (MOE) and the Ontario Ministry of Natural Resources (MNR) in May of 1991.
The provision of a formalized quality control scheme in a principal interchange such as the 404/407 interchange represents a concerted effort by the Ontario Ministry of Transportation to incorporate the new Guidelines into their work.
A number of agencies were consulted during the course of the study including: As a result of these contacts, a number of objectives were developed for the quality control scheme for the interchange. The objectives include:
Provision of quality control for suspended solids and associated pollutants for runoff from a 25 mm (l inch) rainfall event. Protection of regional groundwater quality. Maximi7.1ition ofthe use of overland flow networks, natural channels, infiltration trenches and basins, and wetlands.
In addition, a number of constraints affecting the provision of quality control measures were identified for the study area. Constraints included:
Limited land area available in the vicinity of the interchange. The proposed Highway 407 pavement is to be a minimum of 1.0 m (3 feet) above the high water level observed from the 1: 100 year storm.
High groundwatertabJe at the northern section ofthe interchange. Operation oftreatment facility under variable weather conditions.
Methodology
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In order to provide quality control for runoff from a 25 mm daily rainfall event, a number of alternatives were considered. These included: porous pavement infiltration trenches infiltration basins confined filtration basins grassed swales detention tanks pipe/tunnei storage centralized detention facility source control redirection of flow to alternate watershed Preliminary screening ofthese quality control alternatives was carried out to identify the most feasible alternatives for further assessment. The preliminary screening was based on quality control, engineering, environmental and acceptability issues to selected agencies. Table 10 .1 provides the prelim ina..ry assessment and identifies which alternatives are acceptable to all agencies with regards to the runoff quality. Based on the remaining three criteria, quality control, engineering and environmental, the most feasible alternatives to be carried out for further detailed analysis are source control, centralized detention facility and confined filtration facility.
The confined filtration facility (CFF) was developed during the course of the study as a result ofthe concerns for groundwater quality expressed by the MOE. Confined filtration facilities are self-contained sand filters, with a collection system at their base to convey the treated discharge to the surface receiving water. The treated discharge is not released to the aquifer. Figure lO .1 provides a schematic ofa confined filtration facility. As shown in Figure 10 .1, the facility was designed to capture a volume equivalent to runoff from a 25 mm rainfan event, with volumes in excess ofthis overflowing to the storm collection system. The filtration collection system (weeping tile) at the base ofthe facility also discharges to the storm collection system. Although there is little information on facilities of this type operating in Canada, it is estimated that replacement of the top 15 cm (6 in.), which will become clogged, will be required every 5 to 10 years. Trapping of materials along the grass lined ditches before they reach the CFFs will extend the maintenance period.
Maintaining highways free of debris for safety requirements is achieved, 
~.. in part, by source control. However source control alone is not sufficient to provide the necessary level of quality control for protection of receiving waters. The remaining two alternatives, centralized detention facility (CDF) and confined filtration facility (CFF) were assessed with regard to concerns expressed by the MOE, MNR, MTRCA and MTO. The concerns are discussed further below.
The requirements ofthe MOE include promoting groundwater recharge with treated runoff and control of suspended solids in surface discharges. Since dissolved salts, likely to be found in highway runoff, are difficult to remove, the MOE also stipulated that discharges contaminated with dissolved salts may not contribute to a regional aquifer, but may contribute to a local near-surface aquifer which, in tum, provides baseflow to local streams. A detailed hydrogeological study would be required to determine the extent of the aquifer. In addition, the MOE guideline for control of suspended solids in runoff discharging to an open stream is 25 mg/L.
The MNR requirements are to provide treatment of the storm runoff such that suspended solids to a maximum particle size of 40 microns are removed prior to discharging to the receiving stream, and to promote aquifer recharge such that base flows to streams are not intenupted. In addition, the temperature of the runoff water is not to be increased (such as would occur with ponded water) to protect the local fisheries.
The MTRCA's major concern is to control runoff from frequent events such as the 25 mm rainfall event from new developments to the pre-development level to minimize stream bank erosion. In addition, flow increases due to developments are to have no detrimental flooding impacts downstream.
The MTO requirements are to provide drainage for the interchange such that no flooding is experienced from the 1:100 year return storm. In addition, open water for the management of quantity and quality is to be minimized to reduce possible safety liabilities.
The CFFs and CDF were located within the interchange configuration as indicated on 
Runoff Pollutant Source
Suspended solids are one of the primary pollutants associated with highway runoff. The sources of the particulate matter include pavement wear, vehicular traffic, atmospheric deposition, road maintenance and traffic safety. Associated with the sediments are numerous pollutants, the most significant being heavy metals. Table 10 .2 lists these pollutants along with their sources (from EPA, 1991).
Other common highway pollutants include the non-particulate pollutants sodium, calcium and chloride (from de-icing salts), sulphates (from roadbeds and de-icing salts), nitrogen and phosphorous compounds (from atmospheric deposition and roadside fertilizer application), and petroleum products (from spills of motor lubricants, antifreeze and hydraulic fluids and asphalt surface leachate). These pollutants are generally more difficult to remove from the runoff. The removal of de-icing salts are more feasibly achieved with source controls such as application reduction or alternative deicing materials more compatible with the environment.
The CFFs and CDF provide treatment of the storm runoff through the process of filtration and sedimentation. The approximate effectiveness of these mechanisms in removing pollutants within the runoff is summarized in Table  10 .3. 
Stormwater Modelling
Modelling of the Highway 404/407 Interchange Drainage System was carried out to assess the hydraulic and quality/treatment requirements. For the hydraulic requirements, the single event INTERHYMO model was applied to simulate runoff hydrographs from the proposed interchange and apply the hydrographs for the sizing of the drainage scheme to carry the I: 100 year storm event and also for the preliminary sizing of the CFFs and CDF to intercept runoff from a 25 mm rainfall and overflow the portion of the 1: 1 00 year event exceeding the first 25 mm of rainfall. To assess the hydraulic impacts from the proposed interchange runoff on the existing downstream channel the HEC-2 model was applied.
Details of the hydraulic modelling are not printed here; instead the focus is directed at quality considerations.
The quality and treatment assessment of the interchange runoff was calTied out wit.1t the application of QUALHYMO (Rowney and MacRae, 1991) . The simulation was carried out for the period from May I to October 31 for an average precipitation year. For the development of runoff hydrographs, the catchment physical characteristics applied in QUALHYMO were similar to those applied in the single event model INTERHYMO. 'lnese parameters included drainage areas, extent of imperviousness, depression storage and channel details. The overland characteristics applied in INTERHYMO were applied to determine times to peak for QUALHYMO. In addition the model accounts for the soil moisture condition with recharge through infiltration and depletion through sub-surface flow, evapotranspiration and deep groundwater losses.
The runoff quality analysis was carried out with the assumption that pollutants tend to build up during dry periods and are subsequently entrained in runoff as 'washoff during wet periods.
The build-up of sediment was based on the power linear method which has the following form: It was anticipated that the sediment build-up at the highway interchange would be higher than that experienced for a residential area. This was confirmed by work carried out by Soderland and Lehtinen (1972) , who extensively sampled and analysed stormwater runoff from various urban areas. They estimated the suspended solids loading from a cloverleaf junction area (vehicle density of 65,OOO/day) to be twice the loading from a suburban area with 32% open space and almost seven times the loading from an area consisting ofterrace housing with 36% open space. For this simulation it was determined that three times the loadings from a residential area was appropriate.
The exponential method was used for sediment washoff to adequately represent the first flush effect: In order to model the movement of both flows and sediments through the CFFs, an additional model was developed, termed the CFF (Confined Filtration Facility) model (Dagg-Foster and Hulley, 1992) . The model utilizes as input the runoff flow and corresponding sediment concentrations in the runoff generated by QUALHYMO. Other inputs required are number and characteristics of available overflow stlUctures, time step, maximum allowable inflow, fractional removal rate of sediments in a filter-type facility, surface area of facility, bottom elevation, starting water elevation, hydraulic conductivity, depth of the filter medium, evaporation rate, and sediment settling velocities.
The CFF model represents the storage volume above the turf layer as pond inflow (see Figure 10 .1). A third order Runge-Kutta solution technique was applied, rather than the conventional storage-indication approach. This alternative approach permitted simulation of pond drainage through a soil medium with a time variable hydraulic conductivity. An important feature of the alternative to pond routing is that the outflow from the pond is through the pervious bottom, rather than through a conventional outflow structure. The outflow rate is governed by the hydraulic conductivity, depth of the limiting filter layer and hydraulic gradient. The model allows for the simulation of outflow through an arbitrary overflow structure, for periods when the depth of water in the pond exceeds the specified overflow weir height. The model also allows for water loss through evaporation. Two sediment removal processes are simulated: removal by discrete settling in the pond, and removal in the filter portion of the facility. The removal rates are based on removal rates of sediments in infiltration basins and trenches reported by Schueler (1987) .
Output from the model includes a time series of outflow to the underdrains, overflow rate, facility bypass rate, and concentration of sediments in the discharge. The modeJ was also developed to yield storage volume utilization information.
Results
Peak flows were calculated for the 25 mm rainfall event, the 1: 100 year storm, and Hurricane Hazel (a 1954 major storm recorded in Ontario having 11.2 inches of rainfall in 48 hours), using the INTERHYMO model. The peak 1: 100 year flow under the future conditions with filtration facilities was calculated to be 219.2 ml/s (1,030 cfs), slightly less than the peak flows experienced under existing conditions of31.9 ml/s (1,130 cfs). Attenuation ofthe 1: 100 year peak flow as a result of the storage provided by the CFFs was computed.
INTERHYMO was used for preliminary sizing of the CDF for the 25 mm rainfall event. A total volume of 9000 m 3 was deemed necessary.
Final sizing of the confined filtration facilities was accomplished by applying QUALHYMO with continuous simulation, using an average summer of precipitation (May to October), in conjunction with the CFF model. Winter conditions were not modelled since the filtration facilities would not operate under frozen conditions. In addition, the MOE and MNR recognize that the spring freshette is a natural phenomena with its associated sediment load and therefore is not required to be controlled with respect to quality.
The QUALHYMO/CFF models were used to estimate effluent sediment concentrations, and develop storage utilization curves and overflow frequency curves for the CFFs. The storage utilization curve provides the frequency of detention volume utilization. The overflow frequency curve provides the number of overflows that would be experienced on average for various design facility storage depths.
The following example illustrates the final CFF sizing procedure. Figure 10 .3 is a storage utilization curve for Facility 3. Figure 10 .4 is an overflow frequency curve for Facility 3. The storage utilization plot shows that the Facility's water depth is less than the maximum available depth approximately 96% ofthe time. In addition, the plot shows that the pond is dry 30% of the time.
£. "-v -0 .. The overflow frequency plot shows that at the maximum available depth of 0.5 m (20 in.), there are five overflows during the simulation period. Examination of the input rainfall record revealed that two of these overflows occurred on days when less than 25 mm of rainfall was measured. Therefore, the size of the facility was insufficient to capture the objective runoff from a 25 mm rainfall event. Accordingly, the facility's preliminary volume estimate was increased. A similar approach was used for each of the facilities. The results of the QUALHYMOICFF model simulations illustrated that, for all the facilities, the estimated discharge concentration of suspended sediment remained below the 25 mg/L MOE objective for the entire simulation period. The maximum discharge concentration estimated was 22 mglL, for facilities 7 and 8. Thus it is anticipated that the MOE guideline will be met with the implementation of the proposed filtration facilities. In addition, the MNR guideline of removal of particles 40 microns and larger is also expected to be met.
Although the quality analysis was directed at suspended solid concentration and removal efficiencies, other quality considerations were indirectly addressed. Many of the pollutants identified in Table 10 .2 are associated with suspended materiaL Therefore control of suspended solids will result in a reduction in variety of pollutants.
Costing
Preliminary design cost calculations were undertaken based on engineering experience, in-house documents and available information. The total capital cost to provide both quality and quantity control of runoff from the interchange was $12.2 million for the confined filtration facilities, and $15.0 million for the central detention facility. Thus, the confined filtration facilities alternative costs were approximately 20% lower.
An additional cost calculation was undertaken to estimate the premium associated with the provision of quality control for an intersection drainage. The total cost to provide quality control for the interchange using the CFFs was estimated to be $l2.2 million. The cost to provide quantity control only was estimated to be $10.6 million.
Recommended Drainage Scheme
The recommended storm water management scheme consists ofa series of confined filtration basins to provide quality control along with a 2700 mm diameter stormwater pipe in both tunnel and open cut to convey the peak flow from a 1: 1 00 year rainfall event.
This scheme has the following advantages:
1) The scheme meets the objectives for both quantity and quality control. In particular, the scheme provides quality control in the form of removal of suspended solids and associated pollutants for the runoff from a 25 mm rainfall event. In addition, the confined filtration facilities will not contribute to warming of the runoff, since the runoffis directed to and conveyed through underground systems.
It is expected that floatables and oil & grease will be removed to some extent along the grass lined ditches which convey the runoffto the confined filtration facilities. Floatables and oil & grease not removed by the conveyance system will be trapped in the near surface media of the CFFs.
2) The CFF scheme is less costly than the CDF scheme, with a total estimated cost of$12.2 million. Approximately $1.6 million oftlle total cost may be attributed to quality control.
3) The scheme provides protection of groundwater quality, as the runoff is not discharged to groundwater.
